gland to produce excess thyroid hormone. Theoretically, TRAB could stimulate highly differentiated thyroid cancer tissue and/or metastases to produce thyroid hormone. Case: A 68-year-old male, with weight loss and palpitations, was diagnosed with thyrotoxicosis. A later MRI, due to persistent shoulder pain, revealed multiple bone metastases. A biopsy was diagnostic for follicular variant of papillary thyroid carcinoma, and total thyroidectomy was performed. One week after thyroidectomy the patient was admitted with severe hyperthyroidism. TRAB was >40 IU/mL (normal <0.7 IU/mL).
Introduction
Graves disease (GD) is an autoimmune condition characterized by the presence of antibodies binding to and stimulating the thyrotropin receptor (TRAB), resulting in hyperthyroidism [1] . GD is common, with a lifetime risk of around 5% [2] . The etiology of GD is inadequately understood, but is generally thought to be the result of interactions between genetic [3] and environmental triggers, of which cigarette smoking [4, 5] and iodine intake [6] have received most attention. Patients with GD have an increased burden of other morbidities [7] , including an increased risk of thyroid cancer (TC) [8, 9] , although surveillance bias may, at least partly, explain the latter. Whether GD, which is associated with excess mortality [10] , affects the prognosis of differentiated TC is still a matter of controversy [11] [12] [13] [14] . Theoretically, TRAB, due to stimulation of thyroid tissue, could not only induce thyroid malignancy but also make a tumor and/or distant metastases develop more aggressively.
Patients diagnosed with GD within a short period of time after thyroidectomy for TC are very rare. In the following we present a case of a 68-year-old male with GD and metastatic TC (papillary adenocarcinoma of follicular type), where the presence of TRAB complicated treatment of the latter. The case report is presented in its current form after written and oral consent from the patient.
Patient
Eighteen months prior to admission to our department of endocrinology, in June 2014, a 68-year-old male contacted his primary care physician (GP) with a history of unintended weight loss (15 kg) and intermittent palpitations. He was diagnosed with thyrotoxicosis and treated with methimazole and propranolol. No further evaluation of the cause of thyrotoxicosis was carried out. Thyrotropin (TSH), triiodothyronine (T 3 ), and thyroxine (T 4 ) were measured regularly from the initiation of antithyroid drugs. Table 1 summarizes the TSH, T 3 , and T 4 levels at key time points throughout the case history. Prior medical history included lower back and right shoulder pain, starting approximately 6 months before the diagnosis of thyrotoxicosis and unsuccessfully treated with physiotherapy and over the counter analgesics. An MRI scan, performed 2 months prior to admission to our department, showed bone metastases to several vertebrae (Th12, L1, L2, and L5) as well as to the right shoulder. A biopsy from the shoulder showed differentiated adenocarcinoma with cells positive for cytokeratin 7, vimentin, thyroid transcription factor-1, thyroglobulin, and thyroid peroxidase (TPO). Whereas cytokeratin 20, caudal type homeobox 2 (CDX2), and prostate specific antigen (PSA) were negative. It was concluded that the biopsy represented metastatic welldifferentiated thyroid carcinoma.
The patient had a total thyroidectomy, including removal of macro-pathologically suspected lymph nodes. Examination of resected specimens revealed a semi-lobulated mass measuring 40 × 20 × 25 mm (right lobe), 35 × 20 × 20 mm (left lobe), and an isthmus mass measuring 25 × 15 × 5 mm. The histopathological examination demonstrated a classic multinodular goiter with 2 malignant foci, one in the right lobe measuring 13 mm and the other in the left lobe measuring 1 mm. Histology examination of the 2 foci showed growth of 2 histologically identical tumors. Both foci were confirmed as papillary adenocarcinoma of follicular type and were followed up by immunohistochemical staining showing tumor cells positive for cytokeratin 19, HBME-1 (Hector Battifora mesothelial cell) and TPO. There were neither macro-pathological nor histopathological signs of thyroid autoimmunity.
After total thyroidectomy, the patient was started on liothyronine, 40 μg daily, according to an in-house standard treatment protocol. One week postoperatively he was admitted through the emergency department at his local hospital due to nausea, vomiting, and thyrotoxic symptoms including palpitations, weight loss, tremor, emotional lability, confusion, and insomnia. Biochemically, he had a suppressed serum TSH of <0.01 U/L (normal 0.3-4.0 U/L), a T 4 of 309 nmol/L (normal 60-130), and a T 3 of 12.3 mU/L (normal 1.3-3.5). According to the diagnostic criteria suggested by Akamizu et al. [15] , the patient fulfilled the criteria for thyroid storm type 1: thyrotoxicosis (yes) and at least 1 CNS manifestation (yes; delirium), and 1 of the following: fever (yes; temperature 38.2 ° C), tachycardia (yes; pulse 111/min), congestive heart failure (no; no signs of heart failure), or GI/hepatic manifestations (yes; nausea). Treatment with liothyronine was discontinued and high-dose propylthiouracil (PTU) (400 mg ×3 daily), glucocorticoids (hydrocortisone succinate 50 mg ×4 daily), and propranolol (40 mg ×2 daily) were started according to an in-house protocol.
The patient was transferred to our endocrinology department in order to receive high-dose radioactive iodine-131 (RAI) ablation and radiotherapy to his skeletal metastases (30 Gy in 10 daily fractions, 5 fractions per week) via the department of oncology and nuclear medicine. Figure 1 shows a whole-body technetium-99m pertechnetate scintigraphy, performed 3 weeks after thyroid surgery, demonstrating technetium uptake in the metastatic tissue and an empty thyroid bed. The table shows serum levels of thyrotropin (TSH), triiodothyronine (T 3 ), and thyroxine (T 4 ), thyrotropin receptor antibodies (TRAB), TBC (thyroxin binding capacity), thyroglobulin (TG), and thyroglobulin antibodies (A-TGAb) at key points in the case report. PAD, prior to admission to our department; AAD, after admission to our department; NA, not available.
a Free thyroid hormone levels (not protein bound): free-T 4 (10-22 pmol/L), free-T 3 (3.5-6.5 pmol/L). Normal values are in parentheses. However, after the fourth RAI dose (fall of 2015) the patient became hypothyroid and began treatment with T 4 . The patient remained hyper-or euthyroid for more than 1.5 years after total thyroidectomy. Currently (March 2017), the patient is still being treated with T 4 and remains clinically and biochemically euthyroid (Table 1) . Thyroglobulin level was clearly elevated prior to surgery at 159,936 g/L (normal <50 g/L) even when taking thyroglobulin antibodies into account, indicating a high tumor load. The thyroglobulin, and thyroglobulin antibodies, decreased during the RAI treatments ( Table 1) . As evident from Table 1 , the level of thyroglobulin steadily declined but still (after 6 RAI treatments) remains measurable. No further RAI doses are planned, and there are currently no signs of growth of the metastatic tissue, when evaluated with FDG-PET-CT.
The first recorded measurement of thyroid antibodies was done when the patient was admitted with thyroid storm, 10 days after total thyroidectomy and 18 months after starting antithyroid drugs. TRAB were highly positive at >40.0 IU/L (normal <0.7 IU/L), and TPO antibodies were negative: 6 × 10 3 IU/L (positive >15 × 10 3 IU/L). TRAB positivity was confirmed by 3 repeated measurements over a time period of 2 months. All measurements of TRAB were done at our local laboratory using a Brahms TRAK human RIA analysis system (Brahms GmbH, Henningsdorf, Germany). TRAB has remained elevated throughout the observation period, as summarized in Table 1 .
Discussion
Within the last 15 years, to our knowledge, only 2 cases have illustrated GD and coexisting metastatic papillary adenocarcinoma [16, 17] . Al-Omari et al. [16] presented a case of a 65-year-old male with diffuse goiter, cold nodules on a thyroid scan, and classical signs of thyrotoxicosis. The patient had lung metastases and continued to be thyrotoxic following total thyroidectomy. Suzuki et al. [17] published a case of a 59-year-old female with metastatic TC, diagnosed after a chest X-ray had revealed metastatic masses. Biopsy showed metastatic TC. She was treated with total thyroidectomy and RAI, was euthyroid at the time of diagnosis of the TC, but had elevated TRAB. After the thyroidectomy, the patient became and continued to be thyrotoxic. The prevalence of thyrotoxicosis in patients with TC is unknown, but, in view of the sparse reports, it is most likely very low.
Our patient, despite total thyroidectomy, remained thyrotoxic. In TC, thyrotoxicosis can occur under several conditions: (1) co-occurrence of GD and TC, (2) de novo production of thyroid hormones from the TC, (3) co-occurrence of autonomic thyroid nodule(s) and TC, and (4) destruction of normal thyroid tissue by TC, RIA, or surgery. In our opinion, options 3 and 4 are unlikely, since the patient remained hyperthyroid long after thyroid surgery. In addition, due to the long duration of thyrotoxicosis and the fact that the patient developed thyrotoxicosis long before treatment with RIA, thyrotoxicosis due to destruction of normal thyroid tissue is also unlikely. Although, we cannot exclude de novo production of thyroid hormones from the metastatic tissue, we suggest that this 68-year-old male, with co-existing GD and metastatic papillary thyroid adenocarcinoma of follicular type, had TRAB stimulation of the metastatic thyroid tissue, causing this highly differentiated tumor tissue to produce uncontrolled amounts of thyroid hormones.
As the first evaluation of TRAB was carried out 18 months after the diagnosis of thyrotoxicosis and 1 month after thyroid surgery, we can only speculate on the exact timing of the development of TRAB in this patient. The development of TRAB has been described after thyroid destruction [18] , including RAI [19] , and following subacute thyroiditis [20] . In our patient, RAI and subacute thyroiditis can be excluded, as the patient had TRAB before RAI and did not have any history of symptoms related to thyroiditis prior to diagnosis. The development of TRAB and GD shortly after partial thyroidectomy has been described [21] . We cannot exclude that the TRAB in this patient is the result of thyroid surgery, although this has never been described after total thyroidectomy and would be expected to occur with a much longer lag time [20] . On the other hand, the lack of histopathological signs of autoimmunity within the thyroid gland could indicate that TRAB is the result of thyroid surgery.
We cannot clarify whether GD preceded the TC or vice versa in our case. GD has been associated with a 10-to 12-fold increased risk of TC [8, 9] . It is, however, unclarified whether this observation is due to a chance finding, due to more extensive examination of affected individuals, or indicates a direct carcinogenic effect of GD. In our opinion, knowing the time it takes to develop TC and the rapid onset of GD, it is most likely that the patient had TC for a number of years and subsequently developed GD. The clinical presentation, with a debut of lower back and right shoulder pain months before symptoms of thyrotoxicosis, favors this interpretation. In a study by Kikuchi et al. [22] , the mean time to develop a follicular carcinoma, after exposure to radiation, was 20.5 years. Since the clinical presentation of the patient was as expected in thyrotoxicosis, further investigation into the etiology of the symptoms was not in focus. It is unlikely that an early standard thyroid scintigraphy, knowing that there were only 2 small cancer foci within the thyroid gland, would have led to a different diagnostic strategy and an earlier diagnosis of malignancy.
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The treatment of choice in metastatic TC is thyroidectomy followed by RAI. However, the presence of TRAB and subsequent thyrotoxicosis can hinder treatment efficacy. In patients with thyrotoxicosis the iodine metabolism is increased, thus potentially rendering the RAI treatment less efficient [19] . This could be the case in our patient due to a continuous stimulation of the metastases by TRAB. Unfortunately, it was not possible, immunohistochemically, to demonstrate the presence of TSH receptors or the binding of TRAB in the metastasis due to the lack of available tissue. Although there was a significant drop in thyroglobulin levels after the RAI treatments, iodine uptake in the metastases was visualized even on Tx-WBS (whole-body scan after therapy dose) after the fifth RAI, and persistently measurable thyroglobulin levels remain to this day. The patient also remained euthyroid without any treatment for 1 year before becoming hypothyroid in the fall of 2015 (after the fourth RAI). This indicates persistent thyroid hormone production by the metastatic tissue. This further underlines our argument that the patient had TRAB stimulation of the metastatic TC tissue to produce thyroid hormones.
The combination of GD and TC may lead to delayed diagnosis and aggravation of TC. As indicated by our case report, TRAB can stimulate not only normal thyroid tissue, but most likely also highly differentiated metastatic TC tissue to produce thyroid hormones.
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